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Abstract
Background: Cardiac auscultation is an important part of the physical exami-
nation. This study evaluated cardiac auscultation skills in veterinary students
and compared their abilities to recent veterinary graduates, referral hospital
veterinary surgeons and veterinary cardiologists or cardiology residents. In
addition it compared their self-predicted quiz scores to their actual scores,
evaluating if they could accurately predict their own performance level.
Methods: A digital recording device was used to record auscultation sounds
from 12 different patients with a diagnosis confirmed by a board-certified vet-
erinary cardiologist. The sound files and associated phonocardiograms were
uploaded to a video sharing website. A cloud-based online multiple-choice
quiz was generated and shared with final year veterinary students, recent vet-
erinary graduates, referral hospital veterinary surgeons and veterinary cardi-
ologists or cardiology residents.
Results: There were 128 participants: 51 final year veterinary students, 62
recent veterinary graduates, and 10 referral hospital veterinary surgeons and
five veterinary cardiologists or cardiology residents. No difference was found
between the cardiac auscultation skills of recent veterinary graduates and
final year veterinary students. Veterinary students’ self-predicted scores were
lower than actual scores.
Conclusions: Recent veterinary graduates did not perform better than final
year veterinary students in this study, suggesting that auscultation skills do
not continue to improve in the first few years after graduation. Efforts should
be made to maximise students’ learning in cardiac auscultation skills. Veteri-
nary students show a lack of confidence in cardiac auscultation skills.

INTRODUCTION

Cardiac auscultation is an important aspect of a
physical examination. Studies have looked at the
significance of cardiac murmurs in relation to car-
diac disease.1–4 Studies have documented a link
between severity of murmur and severity of steno-
sis in cases of diagnosed subaortic stenosis or pul-
monic stenosis.15 A retrospective study of dogs with
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myxomatous mitral valve disease also showed that dis-
ease severity increased with murmur intensity.2 Mur-
mur grade in dogs with myxomatous mitral valve dis-
ease has been shown to predict outcome.3 The Amer-
ican College of Veterinary Internal Medicine (ACVIM)
consensus statement guidelines for the classification,
diagnosis and management of cardiomyopathies in
cats recommends further investigations if a heart mur-
mur is detected in any cat.6
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The ability to effectively perform cardiac ausculta-
tion is important in routine clinical examinations. To
the authors’ knowledge, there are no prior studies of
companion-animal auscultation skills in veterinary
students. The ability of veterinarians and veterinary
students to recognize and interpret specific auscul-
tatory events using digitally recorded equine heart
sounds has been investigated. In this study, diplo-
mates made a correct diagnosis on 53% of occasions,
whereas practitioners and veterinary students did
so only on 33% and 29% of occasions, respectively.7

Cardiologists and internists have been compared in
human medicine and found that cardiac auscultatory
proficiency for common valvular lesions was similar in
both groups; however cardiologists performed better
than internists when auscultating more rare cardiac
lesions.8 A large multicentre study of 318 students,
289 residents, 85 cardiology fellows, 131 physicians
and 37 other doctors found that cardiac examination
skills do not improve after the third year of training
and may decline after years in practice.9 The Dunning
Kruger effect is a term used in human psychology to
describe a cognitive bias whereby incompetent people
are unable to recognise that they are incompetent,
described as ‘illusory superiority’. Incompetence not
only causes poor performance but also the inability
to recognize that one’s performance is poor. Con-
versely, competent people tend to underestimate their
ability and test performance relative to their peers,
thereby failing to realize that their proficiency is not
necessarily shared by their peers. This is described as
’The Burden of Expertise’.10,11 To the authors’ knowl-
edge, there is no research into the presence of this
phenomenon in veterinary education and practice.

The aims of this study were to compare cardiac aus-
cultation skills between final year veterinary students,
recent veterinary graduates, referral hospital veteri-
nary surgeons and veterinary cardiologists or cardi-
ology residents and to investigate the ability of these
groups to assess their own performance. Our hypothe-
sis was that cardiac auscultation skills would improve
with practice, and so the recent veterinary gradu-
ates would perform better than students at identifying
heart sounds in the quiz. We also hypothesized that the
undergraduate students would suffer from a cognitive
bias of illusory superiority and overestimate their per-
formance in the quiz.

MATERIALS AND METHODS

A cross sectional study was carried out to evaluate
the cardiac auscultation abilities of final year veteri-
nary students, recent veterinary graduates, referral
hospital veterinary surgeons and veterinary cardi-
ologists or cardiology residents. Canine and feline
heart sounds were recorded using a digital stetho-
scope.* All heart sounds were recorded from patients
referred to the Queen Mother Hospital for Animals,
The Royal Veterinary College. Owner consent for par-
ticipation in research was obtained. Ethical approval

was obtained from the authors’ institution (URN
2021-2023-2R and URN SR2017-1185).† In all cases
the presence and type of heart disease (or absence of
cardiac disease) had been confirmed with ausculta-
tion, echocardiography and electrocardiography by a
board-certified cardiologist. Recordings were edited
using an audio editor‡ to normalize and reduce noise.
The .wav files were then embedded into a quiz using
an online quiz development cloud-based software,
together with an image of the corresponding sound
waveform to represent phonocardiograms.§ The quiz
consisted of 15 questions in total: the first question
asked the participant to identify themselves as either
a final year veterinary student, a recent veterinary
graduate, referral hospital veterinary surgeons or a
veterinary cardiologist or cardiology resident; there
were 12 questions on auscultation recordings; and
two questions regarding self-predicted performance.
The questions were multiple choice with one correct
answer and three distractors. Auscultation recordings
were approximately 2 min duration and looped and
included a phonocardiogram but no information
regarding species, signalment or case history. A link
to the quiz is provided in the additional information
section. A veterinary student was defined as a final
year veterinary student studying at the authors’ insti-
tution. A recent veterinary graduate was defined as
a veterinary surgeon who had qualified in the previ-
ous 2 years. Referral hospital veterinary surgeons were
defined as an intern or non-cardiology resident/senior
clinician at the authors’ institution. A veterinary car-
diologist was defined as a board-certified cardiologist
or cardiology resident at any stage of training. Par-
ticipants were not required to provide evidence of
their status. Participants were advised to complete
the quiz using headphones in a quiet environment.
Informed consent for participation in research was
obtained. An email with the link to the quiz was sent
to all final year students at the authors’ institution. A
deadline for completion of the quiz was not specified,
although the quiz was available for a total of 6 months
after which time the online quiz was closed, and data
collection and analysis were performed. The quiz was
also shared with recent veterinary graduates from any
university through closed veterinary groups on social
media. Respondents were anonymous, and there was
no incentive for participation.

Statistical analysis

Data from the online quiz development cloud-based
software were transferred to a spreadsheet** and sub-
sequently analysed in a statistical software package.††

A Shapiro-Wilk test was used to assess for normal-
ity. Wilcoxon signed rank test was used to compare
self-predicted scores and actual scores for each group.
Overall score results were compared between the four
groups using a Kruskal-Wallis test. Results for individ-
ual questions between groups were compared using
Fisher’s exact test. Bonferroni’s correction was done
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T A B L E 1 Fishers exact test was used to compare results for individual questions between four groups. Student, final year veterinary
students; recent graduate, recent graduate veterinary surgeons; referral vet, referral hospital veterinary surgeons; cardiologist, veterinary
cardiologists or cardiology residents

Student Recent graduate Referral vet Cardiologist p Value

Systolic murmur-possible differential is
pulmonic stenosis

16/51 (31.3%) 15/62 (24.1%) 5/10 (50%) 3/5 (60%) 0.151

Machinery murmur consistent with
patent ductus arteriosus

16/51 (31.3%) 21/62 (33.8%) 7/10 (70%) 2/5 (40%) 0.121

Gallop sound in a cat 20/51 (39.2%) 31/62 (50%) 6/10 (60%) 5/5 (100%) 0.049

Normal cat heart sound 26/51 (50.9%) 38/62 (61.2%) 6/10 (60%) 2/5 (40%) 0.619

Harsh holosystolic murmur consistent
with ventricular septal defect

28/51 (56.8%) 37/62 (59.6%) 9/10 (90%) 4/5 (80%) 0.216

Loud diastolic murmur consistent with
aortic insufficiency

30/51 (58.8%) 40/62 (64.5%) 7/10 (70%) 5/5 (100%) 0.361

Arrhythmia consistent with 3rd degree
atrioventricular block

32/51 (62.7%) 40/62 (64.5%) 6/10 (60%) 4/5 (80%) 0.922

Normal heart sounds 36/51 (70.5%) 35/62 (56.4%) 7/10 (70%) 5/5 (100%) 0.153

Tachycardia and arrhythmia consistent
with atrial fibrillation

38/51 (74.5%) 40/62 (64.5%) 9/10 (90%) 4/5 (80%) 0.339

Loud systolic murmur 39/51 (76.4%) 52/62 (83.8%) 9/10 (90%) 5/5 (100%) 0.626

Sinus arrhythmia 41/51 (80.3%) 39/62 (62.9%) 9/10 (90%) 5/5 (100%) 0.055

for post hoc comparison. Median (25th, 75th per-
centile) was used to summarise the scores. Statistical
significance was set to a p value < 0.05.

RESULTS

Of 237 final year veterinary students who were
sent the link to the quiz, 71 started the quiz and
51 completed the quiz. One hundred recent veteri-
nary graduates started the quiz, and 62 completed it.
Ten referral hospital veterinary surgeons started the
quiz, and 10 completed it. Five veterinary cardiologists
or cardiology residents at the authors’ institution also
completed the quiz. Results are presented in Table 1.
The median score for final year veterinary students
was 6.0 (6.0, 7.0), and the median score for recent vet-
erinary graduates was 6.0 (5.0, 7.0). The median score
for veterinary cardiologists or cardiology residents was
9.0 (7.5, 10.0), while the median score for referral hos-
pital veterinary surgeons was 8.5 (6.8, 9.2). There was
a significant difference between all four groups’ score
results (p= 0.001), but post-hoc pairwise comparisons
of scores for final year veterinary students and recent
veterinary graduates showed no significant difference
(p > 0.999). The scores were higher for veterinary
cardiologists including cardiology residents than for
final year veterinary students (p = 0.023). During final
review, one auscultation recording was considered to
be of poor quality, and for analysis of overall test
performance, this question was removed. This ques-
tion was included in comparison of self-predicted and
actual test scores. When analysing individual heart
sounds, the group including veterinary cardiologists
and cardiology residents was better at identifying a
gallop sound in a cat (p = 0.049). The most easily iden-
tifiable auscultation abnormality was a loud systolic

murmur with 39 of 51 (76%) final year veterinary stu-
dents, 52 of 62 (84%) recent veterinary graduates and
five of five (100%) veterinary cardiologists or cardi-
ology residents correctly identifying this auscultation
abnormality. The least identifiable auscultation abnor-
mality was a systolic murmur with a possible differen-
tial of pulmonic stenosis, which was correctly identi-
fied by 16 of 51 (31.3%) final year veterinary students,
15 of 62 (24.1%) recent veterinary graduates, five of 10
(50%) referral hospital veterinary surgeons and three
of five (60%) veterinary cardiologists or cardiology res-
idents. Distractors for this question were ’normal heart
sound’ which was selected by three of 51 final year
veterinary students and one of 62 recent veterinary
graduates, ’machinery murmur consistent with patent
ductus arteriosus’ which was selected by 29 of 51 final
year veterinary students and 44 of 62 recent veterinary
graduates and ’irregular rhythm – possible differen-
tial bigeminy’ which was selected by three of 51 final
year veterinary students and two of 62 recent veteri-
nary graduates.

When comparing overall scores for each partici-
pant, there was a significant difference between the
median self-predicted score and the median actual
score for final year veterinary students, with 34 of
51 having a higher actual score than self-predicted
score, 10 of 51 having a lower actual score than self-
predicted score and seven of 51 correctly predict-
ing their score (p < 0.001). There was no difference
between the median actual score and the median
self-predicted score for recent veterinary graduates,
with 33 of 62 having higher actual score than self-
predicted score, 23 of 62 having lower actual score
than self-predicted score and six of 62 correctly pre-
dicting their score (p = 0.177). There was no differ-
ence between the median actual score and the median
self-predicted score for referral hospital veterinary
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surgeons, with six of 10 having higher actual score
than self-predicted score, two of 10 having lower actual
score than self-predicted score and two of 10 cor-
rectly predicting their score (p = 0.139). There was
no difference between the median actual score and
the median self-predicted score for veterinary cardi-
ologists or cardiology residents, with two of five hav-
ing higher actual score than self-predicted score, zero
of five having lower actual score than self-predicted
score and three of five correctly predicting their score
(p = 0.157).

DISCUSSION

The results of this study show that final year veterinary
students lack confidence in their ability to accurately
identify abnormal heart sounds and underestimate
their cardiac auscultation skills. Recent veterinary
graduates did not score more highly than final year
veterinary students, which suggests that cardiac aus-
cultations skills may not improve in the first 2 years
after graduation. Although recent veterinary graduates
were better able to predict their performance, both
final year veterinary students and recent graduate
veterinary surgeons had low self-predicted scores,
indicating a lack of confidence in cardiac auscul-
tation. This identifies an area for development in
clinical teaching of undergraduate and postgraduate
veterinary students.

The ability to perform a complete clinical examina-
tion is listed in the Royal College of Veterinary Sur-
geons’ essential competencies required of the new vet-
erinary graduate ’day one skills’.12 A thorough cardiac
auscultation is an essential part of a complete clin-
ical exam, and accurate identification of abnormal
heart sounds may aid recognition of underlying heart
disease.13,14 Annual auscultation is cited as an impor-
tant monitoring tool in the ACVIM consensus state-
ment on guidelines for the diagnosis and treatment of
canine myxomatous mitral valve disease.15 This rec-
ommendation is based on the assumption that the vet-
erinary surgeon performing the clinical examination
can adequately identify and classify the murmur. Both
recent veterinary graduate and final year veterinary
students performed reasonably well at identifying a
‘loud systolic murmur’, with 76.4% of final year vet-
erinary students and 83.8% of recent veterinary gradu-
ates identifying this sound correctly. This suggests that
final year veterinary students and recent veterinary
graduates are more likely to identify a loud murmur
of mitral regurgitation than some of the other heart
sounds assessed in this study.

This study highlighted a lack of ability to accu-
rately identify congenital cardiac disorders which may
benefit from early intervention. For example, in a
study of 55 dogs diagnosed with pulmonic stenosis
in which balloon valvuloplasty or surgery was not
pursued, seven dogs (13%) had a cardiac cause of
death.16 Although some dogs with pulmonic stenosis
may present with clinical signs of syncope or exercise

intolerance, a third of affected patients may be asymp-
tomatic at presentation.16 This highlights the impor-
tance of being able to identify systolic murmurs asso-
ciated with pulmonic stenosis in order to allow for
early intervention. Thirty one percent of final year vet-
erinary students and 24% of recent veterinary grad-
uates accurately identified a recording of a dog with
pulmonic stenosis that was labelled ’systolic murmur
- possible differential is pulmonic stenosis’. Although
most final year veterinary students and recent vet-
erinary graduates did not correctly identify pulmonic
stenosis based on cardiac auscultation, very few par-
ticipants considered this to be a normal heart sound
and so still might have considered referral or sought
advice from a more experienced colleague. To address
the lack of confidence in auscultation skills in final
year veterinary students and recent veterinary gradu-
ates reported here, consideration should be given to
increasing access to digital cardiac recordings in the
teaching of companion animal auscultation.

It was challenging to obtain heart sounds of a reli-
able quality using the available software. A digital
recording of a heart sound will arguably never be
the same as cardiac auscultation with a stethoscope.
No clinical information or history was provided in
the quiz, and answers were based purely on cardiac
auscultation, which also does not mirror real life aus-
cultation. The authors chose not to provide clinical
information in an attempt to minimise confirmation
bias. Although caution must be taken applying results
of this study to real life auscultation skills of veterinary
students and recent veterinary graduates, these results
contribute to the knowledge base of cardiac ausculta-
tion in veterinary medical education and furthermore
provides information regarding veterinary students
and recent veterinary graduates’ ability to assess their
own performance. Phonocardiograms were also pro-
vided, which might have influenced results as a visual
representation of the heart sounds could have influ-
enced the participants’ interpretation of the sound.
However, interpretation of phonocardiograms was not
the primary aim of this study. Although candidates
were advised to listen to the heart sounds using good
quality earphones in a quiet environment, there was
no standardised setting in which candidates took the
quiz. This might explain why the veterinary cardi-
ologists or cardiology residents performed less well
than expected in this quiz. The number of veteri-
nary cardiologists or cardiology residents participat-
ing in this study was low, making it difficult to draw
conclusions regarding their performance in the quiz
but there was no difference between self-predicted
and actual results for veterinary cardiologists or car-
diology residents which suggests that this group was
accurately able to predict their performance and
potentially adjusted their self-predicted scores to
accommodate for the effect of listening to a recording
rather than a live patient.

The quiz was sent to all final year veterinary stu-
dents at the author’s institution, and it is possible that
students with an interest in cardiology would have
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been more likely to complete the quiz. The quiz was
shared with all final year veterinary students, but some
students had not started their rotations in the Queen
Mother Hospital for Animals and might not have been
auscultating patients regularly. As the cardiology rota-
tion is not compulsory, it is also possible that stu-
dents who had spent time in the cardiology service
might have had superior cardiac auscultation skills
compared to their peers. To reach as many recent
veterinary graduates as possible the quiz was shared
widely on social media, and so there is no way of know-
ing how many people received a link to the quiz or
whether the recent veterinary graduates who took the
quiz had a special interest in cardiology. Furthermore,
participation in the quiz was open to a large audience,
and although the quiz was shared on closed veterinary
groups on social media, it is theoretically possible that
others could have participated. Participants were not
required to provide evidence of their status, and it is
possible that participants incorrectly identified them-
selves. Because participation in the quiz was not regu-
lated, it is possible that the quiz was not only taken by
intended groups but obtaining proof of status might
have compromised anonymity. There was also a small
potential for overlap between the groups, as partici-
pants might have identified as both a referral hospi-
tal veterinary surgeon and a cardiologist or cardiology
resident. Participants were asked to select the category
that best described them.

The second aim of this study was to investigate
whether veterinary surgeons and final year veterinary
students could adequately assess their own perfor-
mance. Final year veterinary students lacked confi-
dence in their ability to identify heart sounds, with
67% of participants underestimating their perfor-
mance in this quiz. Although individual participants
may have overestimated their performance in this
quiz, there was an overall trend for students to have
higher scores than their self-predicted scores. In this
study, there was no evidence of an illusory superior-
ity, which appears to affect some young profession-
als’ ability for self-assessment.17 The ability to assess
one’s skills and identify areas for further improve-
ment is an important skill for veterinary surgeons,
and there are few studies examining this. Results
from social psychology literature suggest that peo-
ple tend to have flawed self-assessment skills and
tend to over-estimate their own abilities.10,11,17–19 In
a previous study, veterinary students were asked to
self-assess their competence in the areas of knowl-
edge, clinical skill and professionalism, and these self-
assessment results were compared to assessment by
supervising faculty. Low-performing veterinary stu-
dents were more likely to overestimate their compe-
tence levels than higher-performing students.20 Psy-
chologists have commented on the tendency of people
to describe themselves as ’above average’. This could
be explained by the tendency of students to focus on
their own skills and insufficiently take into account the
skills of the comparison group. This was not a feature
of our study with 40 of 51(78%) final year veterinary

students ranking themselves as either ’bottom quar-
tile’ or ’below average’. Further research is required to
confirm this observation in other aspects of veterinary
medicine and to assess the impact of this on profes-
sional practice and continued professional develop-
ment.

CONCLUSIONS

Cardiac auscultatory proficiency was not different
between recent veterinary graduates and final year
veterinary students. There was no difference between
self-predicted and actual scores for recent veterinary
graduates, suggesting that members of this group are
accurate at predicting their own abilities in cardiac
auscultation. In contrast, veterinary students’ self-
predicted scores were lower than actual scores, sug-
gesting a lack of confidence in this group’s cardiac aus-
cultation skills.
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